Introduction. Osteoarthritis (OA) is the most common degenerative disease in middle-aged and elderly individuals that causes joint deformity and limb disability.
Introduction
Osteoarthritis (OA) is known as a degenerative disease that gradually causes joint deformity and limb disability, which further causes a reduction in the quality of life and increases mortality [1] . OA is one of the most common diseases in middle-aged and elderly individuals. In particular, the incidence of OA is more than 60% among people over 65 years of age [2] . Once the disease occurs, a balance of extracellular matrix (ECM) synthesis/degradation is broken and ultimately leads to the destruction of joint tissue [3] . Accumulating evidence suggests that the pathogenesis of OA is linked with various mechanisms. At the cellular level, apoptosis of articular chondrocytes and articular cartilage tissue cells is induced by several factors including cytokines, chemokines, Toll-like receptor ligands, and other inflammatory mediators such as nitric oxide [4] . At the molecular level, reactive oxygen species (ROS)-mediated oxidative stress signaling in chondrocytes, as well as mitochondrial dysfunction, metabolic disorders and other abnormal molecular signals are involved in the massive loss of cartilage, which are characteristics of OA [5] . Non-steroidal anti-inflammatory drugs (NSAIDs), the most common clinical treatment for OA, cause several serious side effects like peptic ulcer, nervous system dysfunction and bleeding after long-term use [6] .
Tenascin-c (Tnc) is a member of the growing family of ECM proteins, and is expressed in normal adult tissues [7] . However, it is re-expressed during healing wounds, inflammatory responses and tumorigenesis [8, 9] . For instance, a high level of Tnc was found in cartilage, synovial tissue and synovial fluid [10] . It was also reported that Tnc promotes the proliferation and migration of cells during both OA and rheumatoid arthritis [11] . Midwood et al., found that Tnc is involved in maintaining inflammation under arthritic joint disease [12] .
Foxo3a, a Forkhead transcription factor of Forkhead box, class O (Foxo) subfamily, has been recently studied extensively as a critical protein that involved in the regulation of inflammation [13] . In arthritis, an increase in the expression as well as phosphorylation of Foxo3a in the blood of patients with rheumatoid arthritis was reported [14] . However, the exact role of Foxo3a in the pathogenesis of OA remains unclear. Therefore, understanding underlying mechanism of OA is helpful to explore effective molecular targets of this disease. Hence, the aim of this study was to clarify the role of Foxo3a in the progress of OA in an in vitro model of this disease.
Materials and methods
Animals and chondrocytes isolation. The one-year old New Zealand white rabbits were purchased from Shanghai SLAC Laboratory Animal Co., Ltd (Shanghai, China).
All procedures were approved by the Medical Ethics Committee of the First Affiliated
Hospital of Huzhou Normal University (Approval no. 2019008). The rabbits were housed at room temperature (23-27°C) with a 12 h light: 12 h dark cycle, and the food and water were provided ad libitum. Prior to the animal experiment, rabbits were anesthetized with isoflurane, and then the articular cartilage was carefully harvested from knee joints by sterile dissection. Cartilage was cut into pieces as thin as possible (approximately 1 mm 3 ) using SLICE!T® (Dr. Khan's Creation, Maharashtra, India), followed by digesting with enriched DMEM medium containing collagenase type II (Sigma-Aldrich Chemical Co, St. Louis, MO, USA) at the concentration of 2 mg/mL for 24 h at 37°C. 
Statistical analysis
All data were expressed as means ± standard deviation (SD). Data for each experiment were acquired from at least three independent experiments. Statistical analyses were performed by using Student's t-test via GraphPad Prism 7 (GraphPad Software, Inc., San Diego, CA, USA), with the level of significance set at p < 0.05.
Results

Foxo3a and iNOS were upregulated in IL-1treatedchondrocytes
As shown in Figure 1A , Foxo3a protein expression in IL-1treated chondrocytes was significantly increased compared with control chondrocytes. Importantly, the mRNA expression of inducible nitric oxide synthase (iNOS), a biomarker of severe cellular stress, in IL-1treated chondrocytes was also higher than that in control chondrocytes (Fig. 1B) .
Foxo3a knockdown inhibited IL-1treated apoptosis of chondrocytes
To further investigate the mechanism underlying the role of Foxo3a in the development of OA in our in vitro model, we knocked-down Foxo3a expression in IL-1treated chondrocytes by shRNA transfection. It was found that shRNA treatment strongly reduced Foxo3a protein expression in IL-1treated chondrocytes ( Fig. 2A) . qPCR assay revealed that Foxo3a knockdown significantly decreased IL-1treated iNOS expression (Fig. 2B ). The reduction of anti-apoptotic protein Bcl-2 and enhanced levels of pro-apoptotic proteins, i.e. cleaved caspase-3 and Bax, were observed in IL-1treated chondrocytes (Fig. 2C) . Interestingly, Foxo3a
knockdown up-regulated Bcl-2 expression and decreased the proteins levels of Bax and cleaved caspase-3 in IL-1treated chondrocytes as compared with cells transfected with shRNA ( Fig. 2C) . MTT assay analysis showed that Foxo3a knockdown prompted the decreased viability caused by IL-1in chondrocytes (Fig.   2D ). Thus, these data suggested that Foxo3a knockdown promotes IL-1-induced apoptosis of chondrocytes.
Foxo3a positively regulates Tnc expression
The level of Tnc was upregulated in IL-1-treated chondrocytes as compared to the control (Fig. 3A) . As shown in Fig. 3B , the level of Tnc in IL-1treated chondrocytes was dramatically decreased after shRNA-Foxo3a transfection (Fig. 3B ).
In contrast, the level of Tnc was significantly enhanced when Foxo3a was overexpressed in IL-1treated chondrocytes (Fig. 3B) .
The protective effects of Foxo3a knockdown on IL-1-treated chondrocytes were reversed by extracellular Tnc
To further evaluate whether Tnc was involved in the protective effects of Foxo3a knockdown in IL-1treated chondrocytes, Tnc was added extracellularly to the cultures of IL-1treated chondrocytes. It was found that the level of Tnc was appreciably increased in the presence of extracellular Tnc in IL-1treated chondrocytes that were transfected with Foxo3a shRNA (Fig. 4A ). The decreased expression levels of iNOS, Bax and cleaved caspase-3 caused by Foxo3a knockdown were rescued by the treatment with extracellular Tnc (Figs. 4B and 4C) . In contrast, shFoxo3a-enhanced Bcl-2 expression was significantly declined in the presence of extracellular Tnc in IL-1treated chondrocytes (Figure. 4C ). It should be noted that Tnc treatment effectively inhibited the increased cell viability caused by shFoxo3a in IL-1treated chondrocytes (Fig. 4D) . The evidence suggested that Foxo3a, as a positive regulator of Tnc, contributed to the apoptosis of IL-1treated chondrocytes.
Discussion
Currently, the treatment strategies for OA mainly involve relieving the symptoms such as joints' pain, swelling, and muscle tension to improve the quality of life.
NSAIDs, prescribed for a long-term use, are currently the primary pharmacological OA treatment. However, some dangerous side effects are associated with such a treatment [16] . Therefore, safe and effective therapy for OA is urgently needed to be developed. It has been reported that Foxo3a expression is altered in various types of inflammatory diseases [17] . To our knowledge, our current study is the first to demonstrate that Foxo3a is highly expressed in IL-1treated chondrocytes compared with control chondrocytes, suggesting the Foxo3a might be a potential biomarker for OA.
Inducible NOS expression is induced by various factors such as inflammatory
cytokines (IL-1, IL-17, TNF- and IFN-) [18] , bacterial infection [19] and degradation of extracellular matrix [20] . The upstream targets of iNOS expression are associated with three main regulators including NF-B, STAT-1 and MAPKs signaling pathways [21] . More specifically, IL-1-induced OA is mainly associated with translocation of NF-B into nucleus, where it binds to the promotor region of iNOS [22] . Subsequently, iNOS efficiently catalyzes the production of nitric oxide (NO) which plays a critical role in the pathogenesis of OA [23] . It has been reported that iNOS-mediated NO production in OA chondrocytes is the leading cause of cartilage destruction, and depletion of iNOS in mice inhibited the development of OA [24] . Consistently, we found in our study that iNOS expression was significantly increased in IL-1-treated chondrocytes as compared to the control cells. It was demonstrated that NO synthesis was actively progressed in OA chondrocytes [25] . In other words, OA chondrocytes might undergo some cellular events like inflammatory response, apoptosis or oxidative stress [26] . Moreover, increased expression of iNOS and NO have been found in vivo in inflammatory, septic arthritis and in patients with rheumatoid arthritis [27] . Meanwhile, our data showed that enhancement of iNOS expression was suppressed by down-regulation of Foxo3a what suggests that Foxo3a could be a new clinical target for OA treatment and also for other iNOS-related inflammatory diseases.
Chondrocytes apoptosis is also regarded as the key factor in OA progression. Nitric oxide generation is known as the primary executioner of chondrocytes apoptosis through regulating caspase-3-dependent signaling [28] . Mechanically, NO-induced chondrocytes apoptosis is associated with mitochondrial dysfunction, DNA damage and iNOS signaling [29] . In this study, we provided evidence that down-regulated Foxo3a inhibited chondrocytes apoptosis through regulating caspase-3-dependent signaling, indicating that inhibition of Foxo3a expression offers a clinically-relevant perspective for the treatment of OA by regulating chondrocytes' apoptosis. However, the detailed mechanism of this phenomenon should be clarified in future study.
Recently, many researchers point out that oxidative stress is a critical risk factor for the onset of OA [30] . ROS, as the mediators of oxidative stress, not only participate in the process of cell matrix degradation but also control chondrocytes' life cycle during OA [30] . On the other hand, Foxo transcription factors have been implicated in various ROS-related processes including cellular aging, proliferation, senescence or apoptosis [31] . For instance, mammalian Sterile 20-like kinase 1 (MST-1) mediates ROS-induced neuronal apoptosis via Foxo3a phosphorylation [32] . Foxo3a also suppressed ROS-induced apoptosis in differentiated 3T3-L1 adipocytes [33] . Hence, the mechanism underlying the protective effect of down-regulated Foxo3a on chondrocytes' apoptosis might be also associated with ROS-mediated signaling.
Tenascin-c is ECM glycoprotein which increased levels were found in the synovial fluid in OA patients [34] . Production of Tnc can also induce inflammatory mediators and promote matrix degradation in OA, and its levels could serve as a biomarker of joint damage and a trigger of further joint degradation [35, 36] . In our in vitro system, the level of Tnc was significantly increased in OA chondrocytes compared with control chondrocytes, which was related to Foxo3a expression. Therefore, these results suggest that Foxo3a is critically involved in the production of Tnc during OA.
In other words, Foxo3a may regulate the OA-mediated inflammation via modulating
Tnc. Furthermore, extracellular addition of Tnc abrogated the effects of Foxo3a knockdown on apoptosis and iNOS expression in IL-1treated chondrocytes, suggesting that Tnc promoted apoptosis in IL-1-mediated OA chondrocytes. On the contrary, the protective effect of Tnc on human OA cartilage was observed in an in vitro system [37] . It was shown in Tnc -/mice that cartilage repair was significantly slower than that in wild type mice, and cartilage degeneration was enhanced by deficiency of Tnc [38] . Furthermore, Matsui's group reported that deficiency of Tnc delayed articular cartilage repair in vivo and treatment of full-thickness osteochondral defects by filling the defect with exogenous Tnc results in the inhibition of cartilage degeneration [39] . These different results may be affected by experimental model, experimental object or experimental conditions. In spite of this, the exact mechanisms of how Tnc plays dual roles in OA remain unclear, and needs further research.
In the present study, we provided evidence that down-regulated Foxo3a protects in vitro against IL-1-mediated inflammation and IL-1-induced chondrocytes'
apoptosis. These results also revealed that those protective effects of down-regulated 
